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With an increase in health consciousness, the intake of food
supplements such as multivitamins, multi-minerals, and herbal
products has become widespread in the general population.1 How-
ever, little is known about the adverse effects of food supplement
intake including supplement-induced pneumonia (SIP).2,3 We
herein describe a case in which black garlic, a popular herbal food
supplement, induced pneumonia.
Case report
A 77-year-old female was admitted to our hospital with dysp-
noea and coughing in March 2014. She had hypertension and had
been taking amlodipine for more than 10 years without any side ef-
fects. She had no history of smoking, allergies, or respiratory disor-
ders. Around 3 weeks prior to hospitalization, she began taking
black garlic. One week after ﬁrst taking it, she started suffering
from dyspnoea and coughing.
Her physical examination on admission showed bilateral ﬁne
crackles with oxygen saturation of 92% on room air, but no fever.
Chest radiograph showed bilateral inﬁltrates (Fig. 1A). Chest CT
scan revealed bilateral reticulo-nodular shadows with ground glass
opacity (Fig. 1B). Respiratory function test showed moderate re-
striction with a vital capacity of 1.30 L (%predicted of 60.7%) and a
forced expiratory volume in 1 s of 1.23 L (%predicted of 79.9%).
Blood test results demonstrated elevated C-reactive protein of
6.69 mg/dL (normal range <0.3 mg/dL), sialylated carbohydrate an-
tigen KL-6 of 585 U/mL (normal range <500 U/mL), and surfactant
protein-D (SP-D) of 135 ng/mL (normal range <110 ng/mL). The pa-
tient's white blood cell counts and proportion of eosinophils were
normal. Autoimmune antibodies and speciﬁc IgE to garlic were
negative. Meropenem and Azithromycin were administered for
suspected atypical pneumonia, but were ineffective. Bronchoscopy
was conducted in order tomake a deﬁnite diagnosis. Bronchoalveo-
lar lavage ﬂuid analysis revealed an increased number of total cells
and lymphocytes (total cell counts, 34.8  104/mlBALF; alveolar
macrophages, 17.1%; lymphocytes, 76.1%; neutrophils, 5.0%; eosino-
phils, 1.8%; CD4/CD8 ratio, 1.3), whereas no malignant cells and mi-
croorganisms including fungi and Pneumocystis jirovecii were
detected. Transbronchial lung biopsies showed organising exu-
dates, alveolar wall thickening, and lymphocyte inﬁltrates without
granulomas, suggesting organising pneumonia (Fig. 2).
On the basis of her clinical, radiological, and pathological ﬁndings
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stimulation test (DLST) for both black and raw garlic was performed.
The results were positive with stimulation indices of 306% (black
garlic) and 197% (raw garlic), which are 175% and 170% in a healthy
subject, respectively (normal reaction <180%). Finally, the patient
was diagnosed as having black garlic-induced pneumonia.
Shewas asked to stop taking black garlic and treated with 3 days
of methylprednisolone (1 g/day) followed subsequently by oral
prednisolone (40 mg/day) because of her aggravating respiratory
condition. After the initiation of treatment, chest radiographs
showed signiﬁcant improvement (Fig. 1C,D). In terms of blood ab-
normalities, SP-D recovered to normal within 9 days while KL-6
showed a transient increase at day 18 and then returned to normal
at day 36. She was instructed not to take any kinds of garlic and dis-
charged. At the outpatient clinic, oral prednisolonewas tapered and
stopped over 9 months. No recurrence has been observed up to the
present.
Discussion
To the best of our knowledge, this is theﬁrst report of black garlic-
induced pneumonia. Black garlic is a type of caramelised garlic
supplementmadebyheatingwhole bulbs of rawgarlic in a pot under
humid and unfermented conditions for one month (Maillard
reaction). No food additives are used over the course of this process.
Under this circumstance, it abounds in amino acid components such
as s-allyl cysteine, which have strong antioxidant effects.4 This
patient had been taking a clove of black garlic itself every day for 3
weeks for her health, and subsequently developed pneumonia.
Recently, many supplements such as multivitamins, multi-
minerals, and herbal products are available with no serious side ef-
fects mentioned on the label.1e3 Thus, it is difﬁcult to doubt supple-
ments could induce pneumonia. Additionally, the lack of peculiar
tests makes it difﬁcult to diagnose SIP. However, once SIP is sus-
pected, the suspected causative agent must be immediately with-
drawn in order not to develop life-threatening pulmonary
inﬁltrate such as acute respiratory distress syndrome. A provoca-
tion test would be the best way to conﬁrm a causative agent,5 but
it may lead to critical condition and thus the application is limited.6
For this reason, DLST is frequently performed as a surrogate marker
for adverse drug reaction.6,7
In this case, the positive DLST result subsequently to a history of
taking black garlic provided a clue to diagnose black garlic induced-
pneumonia. The mechanism of drug including supplements
induced lung disorders has been recognized as either an immuno-
logical reaction or a cytotoxic effect.6 The positive DLST for black
garlic could suggest a delayed type of immunoreaction rather
than cytotoxic reaction.vier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
Fig. 1. Chest X-rays and CT scans on admission and after treatment. Chest radiograph on admission showing bilateral inﬁltrates predominantly in the middle and lower lung ﬁelds
(A); Chest CT on admission showing bilateral reticulo-nodular shadows, thickening of bronchovascular bundles, and curvilinear shadow with ground glass opacity predominantly in
the middle and lower lung lobes (B); Chest radiograph after 3 weeks of steroid treatment showed signiﬁcant improvement (C, D).
Fig. 2. Histological ﬁndings obtained from transbronchial biopsy. Histological ﬁndings obtained from transbronchial biopsy showed organising exudates, alveolar wall thickening,
and lymphocyte inﬁltrates without granulomas and atypical lymphocytes (A: Haematoxylin-eosin stain, B: Elastica-masson stain).
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pattern. Accordingly, SP-D and KL-6 as markers of interstitial lung
diseases were high over the course of treatment. However, SP-D
rather than KL-6 returned to normal quickly, which is similar to a
previous report.8 This reaction could be explained by the shorter
half-life and smaller molecular weight of SP-D. Thus, SP-D could
be a sensitive marker for predicting the response to steroid treat-
ment in SIP.
In conclusion, we described a ﬁrst case of black garlic-induced
pneumonia. DLST in addition to careful interviews may provide
useful information on diagnosing SIP. Furthermore, SP-D ratherthan KL-6 could be a useful marker to monitor therapeutic effect
in SIP. The accumulation of case-based reports sheds light on
further understanding of SIP.
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